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The tone of the autonomic nervous system, protein metabolism and the activity of the antioxidant system in Cobb-
500 cross chickens aged 35 and 60 days were researched. The experiment involved 24 chickens, 8 in each group. In 
birds, the tone of the autonomic nervous system was determined by the method of variation pulsometry by recording 
the influence of the sympathetic and parasympathetic systems on the heart rate in chickens. The effect was determined 
by counting one hundred consecutive cardio intervals and the time interval between each cardiocycle. Venous blood 
samples were taken from each individual at the age of 35 and 60 days to determine protein metabolism (total protein, 
albumin, globulins), enzymatic and non-enzymatic links of the antioxidant system and lipid peroxidation depending on 
the tone of the autonomic nervous system. It was found that the antioxidant level in chickens with a predominance of 
the sympathetic division prevailed in all other groups regardless of the age of the bird. At 35 days of age, plasma 
concentrations of diene conjugates were significantly higher in normatonics and vagotonics (P  ˂0.05). There was a 
higher level of activity of ketodienes and Schiff bases in chickens with a predominance of the sympathetic division of 
autonomic nervous regulation compared with normotonics and vagotonics (P  ˂0.01). The content of total protein, 
albumin and globulins prevailed in normotonic hens and was the lowest in vagotonic hens at the age of 35 days. The 
two-month-old bird with a dominant parasympathetic division of the autonomic nervous system and normotonic hens 
had the highest levels of total protein, globulins, and conversely, sympathicotonic hens outnumbered the latter in 
albumin levels. Histidine content was highest in chickens with a balanced type of autonomic nervous system compared 
to sympathicotonics and vagotonics (P ˂ 0.05). The concentration of sulfur-containing amino acid methionine was 
highest in vagotonic chickens (P < 0.05) compared with sympathicotonics. Threonine was highest in sympathicotonics 
compared with other groups of animals and significantly outweighed vagotonics (P < 0.05). The level of lipid peroxi-
dation products in 60-day-old sympathicotonic chickens was consistently higher in contrast to normotonics and 
vagotonics. At the same time there was the smallest increase in the activity of diene conjugates and ketodienes (P < 
0.05) in chickens with a dominant sympathetic division of the autonomic nervous system, which indicates a slowdown 
in the accumulation of the final products of lipid peroxidation. It was found that the predominance of sympathetic tone 
is characterized by low activity of enzymes of the antioxidant system and tocopherol (P < 0.001, P < 0.01) at 35 and 
60 days of age. Indicators of the activity of the antioxidant system had the highest level in vagotonic chickens of the 
studied age period (P < 0.05, P < 0.01, P < 0.001). The relationship between catalase and tocopherol levels in vago-
tonic chickens at 35 days of age, which increases at 60 days of age r = 0.53 (P < 0.01) was found. 
 




The meat productivity of poultry is characterized by 
its ability to reach a sizeable live weight in the early stag-
es, well-developed muscles, and a relatively poorly de-
veloped skeleton to give a high slaughter yield (Patreva, 
2018). The intensity of protein metabolism depends on 
the muscle-fat ratio, the level of protein fractions, and the 
content of amino acids in the serum (Gotovsky et al., 
2018). It is known that the lack of at least one essential 
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amino acid causes metabolic disorders, reduction or ces-
sation of growth and development of the organism (Castro 
et al., 2019a; Castro et al., 2019b). Deterioration in poul-
try meat quality causes technological stress, which results 
in the excessive formation of free radicals. This process is 
accompanied by an intensification of lipid peroxidation, a 
decrease in the intensity of cellular respiration, and the 
activity of the antioxidant defense system (Lushchak et 
al., 2006). The products of free radical peroxidation can 
also act as biomarkers of tissue damage, as their content 
can be judged on the intensity of free radical processes in 
various body systems (Trenzado et al., 2005). Activation 
of lipid peroxidation is a universal damaging mechanism 
of cell membranes, which occurs with the formation of 
free hydroxyl and lipid radicals with high reactivity 
(Meerson, 2001).  
The enzyme link and non-enzymatic compounds of 
the antioxidant system are involved in neutralizing free 
radicals, breaking down chain reactions, and removing or 
restoring damaged cellular components (Venditti & Meo, 
2006). Thus, α-tocopherol has 60 % antiradical action of 
all fat-soluble endogenous antioxidants, has the most 
significant ability to stabilize membranes and form com-
plexes with fatty acids, which leads to increased re-
sistance of membranes to free radical oxidation (Hu-
zhahmetova & Sentyurova, 2015). 
Neuro-humoral regulation plays an essential role in 
the body's adaptation to changes in environmental condi-
tions (Opalovskaya, 2001). The autonomic nervous sys-
tem affects the metabolism of proteins, amino acids, glu-
cose in the liver of animals and fish (Püschel, 2004; 
Vasyliv, 2017; Conde-Sieira et al., 2020; Danchuk et al., 
2020a; Danchuk et al., 2020b), participates in the regula-
tion of the activity of antioxidant defense systems and the 
intensity of lipid peroxidation in the body following envi-
ronmental conditions (Opalovskaya, 2001). 
Determining the relationship between vegetative sta-
tus and protein metabolism in broilers will provide a sig-
nificant impetus for further development and increased 
meat productivity. Studying the interaction of different 
levels of antioxidant protection in chickens with different 
autonomic nervous system tones will deepen knowledge 
about autonomic regulation of physiological functions. 
Birds to develop new methods of correcting the intensity 
of oxidative stress. However, studies of the vegetative 
regulation of protein metabolism and the intensity of 
antioxidant protection, its impact on productivity in birds 
are currently out of the attention of researchers. 
The purpose and objectives of the study. To determine 
the effect of different tones of the autonomic nervous 
system on the content of protein components in the serum, 
products of lipid peroxidation, and the intensity of the 
antioxidant system in meat chickens of different ages. 
 
Material and research methods 
 
All animal manipulations were performed following 
the European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Scientific Purposes 
(Official Journal of the European Union L276/33, 2010). 
Studies of protein metabolism and antioxidant activity 
in broiler chickens, depending on the tone of the auto-
nomic nervous system, were performed on 24 chickens of 
the meat direction of Cobb-500 productivity, 35–60 days 
of age with floor-type keeping in deep litter. 
Determination of the tone of the autonomic nervous 
system was performed using electrocardiography. For this 
purpose, a portable electrocardiograph EK3T 01- “RD” 
with a tape speed of 50 mm/s and an amplitude of 1 mV 
was used. The electrocardiogram recording used standard 
leads – I left and right thoracic limbs, II – left thoracic 
and left pelvic limbs, III – right thoracic and left pelvic 
limbs. Electrocardiograms were recorded for 20–30 sec-
onds, which allowed to record about 100–120 ECG com-
plexes (cardio intervals). The electrocardiography proce-
dure was performed in a quiet room without the use of 
sedatives. During the manipulations, the heads of the 
birds were covered with a cloth, which had a calming 
effect on the subjects. Fixation of chickens was performed 
in the dorsal position. Alligator-type electrodes were 
attached to the skin in the area of the humerus and femur. 
Electrocardiogram recording was started 2–3 minutes 
after electrode connection (Machida & Aohagi, 2001; 
Reddy et al., 2016). 
Spectral analysis of heart rate variability (HRV) is 
widely considered the standard non-invasive method of 
assessing autonomic nervous system function (Messina et 
al., 2012). Sympathetic activity is associated with low 
(LF; 0.04–0.15 Hz), while parasympathetic activity is 
associated with heart rate modulation's higher frequency 
range (HF; 0.15–0.4 Hz). This feature allows you to diag-
nose the dominant tone of the autonomic nervous system 
in the studied animal. 
Processing the obtained electrocardiograms was per-
formed using variation pulsometry by counting 100 R-R 
cardio intervals. Two main indicators were determined: 
mode (Mo) and mode amplitude (Amo). The duration of 
mode for sympathicotonic animals was 0.14–0.16 s. (pre-
dominance of the sympathetic division of the autonomic 
nervous system); normotonics – 0.16–0.17 s. (balance of 
tone of the sympathetic and parasympathetic divisions of 
the autonomic nervous system); vagotonic – 0.18–0.21 s. 
(predominance of the parasympathetic tone of the auto-
nomic nervous system). The mode amplitude is used as an 
additional parameter to clarify the tone of the autonomic 
nervous system: sympathicotonia > 45 %, normotony – 
40–45 %, vagotonia < 40 % (Studenok et al., 2020). Thus, 
according to the results, the experimental bird was divid-
ed into three groups according to the tone of the autonom-
ic nervous system: sympathicotonics, normotonics, and 
vagotonic (8 animals in each group). 
In the second stage, venous blood was taken from 
each 35-day-old animal after a 2-hour fasting diet from 
the axillary vein. The content of lipid peroxidation prod-
ucts (ketodienes, Schiff bases, diene conjugates) was 
determined in the blood plasma by spectrophotometric 
method, the principle of which is based on the fact that 
the process of lipid peroxidation is accompanied by reori-
entation of double bonds with the appearance of specific 
optical properties (Kondrakhin et al., 2004; Danchuk et 
al., 2018). The level of tocopherol assessed the activity of 
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the non-enzymatic part of the antioxidant system in blood 
plasma by liquid chromatography of vitamins extracted 
from biological fluids (Vlislo, 2012). Determination of 
the activity of the enzymatic unit of AOC was performed 
by studying the level of superoxide dismutase (SOD) and 
catalase (CAT). The CAT study technique is based on the 
ability of hydrogen peroxide to form a stable color com-
plex with molybdenum salts with a maximum light ab-
sorption at a wavelength of 410 nm (Korolyuk et al., 
1988). The level of SOD activity was determined by the 
method of Dubinina EE (Dubinina et al., 1983), which is 
based on the reduction of superoxide anions formed be-
tween phenazine metasulfate and NADPH, nitrosine te-
trazolium to nitroformazone. 
The content of total protein (biuret method) and albu-
min (bromocresol green method) in the serum was deter-
mined on a semi-automatic biochemical analyzer Biosys-
temsA15 (Spain) using a set of reagents PointerScientific 
(USA). Determination of amino acid content was per-
formed by capillary electrophoresis on the apparatus 
“Drops 105M” (Komarova & Kamentsev, 2006; Kaneko 
et al., 2008; Thrall et al., 2012; Corbridge, 2013). 
The third stage of the study was performed at 60 days 
of age in chickens of different groups, in which venous 
blood sampling was repeated, and the products of protein 
metabolism, antioxidant system activity, and lipid peroxi-
dation were determined according to the above methods. 
Statistical calculations were performed using a data 
analysis package in Microsoft Excel 2016. In particular, 
the arithmetic mean (M) and its error (m) were deter-
mined, and Student's criterion determined the probability 
of differences in mean values. Changes in indicators were 
considered significant at P < 0.05 (including P < 0.01 and 
P < 0.001). The correlation coefficient (r) was calculated 
by the Pearson method. 
 
Results and their discussion 
 
Studies of the types of the autonomic nervous system 
in chickens showed the lowest mode rates in combination 
with the highest values of heart rate in sympathicotonic 
chickens compared with normo- and vagotonics (Table 1). 
 
Table 1 
Indicators of the tone of the autonomic nervous regulation (M ± m, n = 8) 
 
ANS indicators 
Tone of the autonomic nervous system 
Sympathicotonics Normotonics Vagotonics 
Мoda, sec 0.15 ± 0.005*** Мoda, sec 0.15 ± 0.005*** 
Mode amplitude, %    53 ± 10.4 Mode amplitude, %    53 ± 10.4 
Heart rate, b/min  404 ± 7.4*** Heart rate, b/min  404 ± 7.4*** 
Note: Р < 0.05*, Р < 0.01**, Р < 0.001*** 
 
It was found that the average value of mode in sym-
pathicotonics was 8.5 % and 12.8 % (P <0.001) less than 
normotonics and vagotonics, respectively. The increase in 
tonic activity in the centers of the sympathetic or para-
sympathetic nervous system to regulate heart rate in 
chickens is confirmed by the presence of correlations 
between the value of moda and heart rate in sympathico-
tonics r = -0.6 and vagotonics r = -1.0 
(P < 0.001). At the same time, normotonics have nega-
tive correlations between moda indicators and heart rate, 
which indicates the tendency of this type to balance the 
heart rhythm with the activity of the centers of the auto-
nomic nervous system (Fig. 1). 
 
 
Fig. 1. Relationship between mode and heart rate  
depending on the types of the autonomic nervous system 
in chickens (M ± m, n = 8) 
Note: Р < 0.01**, Р < 0.001*** 
The presence of direct correlations between the mode 
amplitude and heart rate in chickens of all types of auto-
nomic nervous regulation was confirmed - r = 0.74–0.94 
(P ˂ 0.05–0.001). In vagotonic chickens, a closer interac-
tion was found between heart rate and Amo than other 
ANS types (Fig. 2). 
 
 
Fig. 2. Correlation of mode amplitude with heart rate in 
chickens with different types of the autonomous nervous 
system (M ± m, n = 8) 
Note: Р < 0.05*, Р < 0.01**, Р < 0.001*** 
 
This combination and interaction of mode, mode am-
plitude, and heart rate made it possible to reliably deter-
mine three types of autonomic regulation in chickens, 
taking into account the individual characteristics of the 
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tone of the autonomic nervous system, in contrast to pre-
decessors who indicated only one type of autonomic 
nervous system in chickens – sympathicotonic (Tybinka, 
2011). 
Energy homeostasis is regulated by a complex net-
work of neuroendocrine and autonomic pathways  
(Danchuk et al., 2020a). The hypothalamus plays a crucial 
role in monitoring the energy signal and initiating appro-
priate metabolic responses behavior (Esposito et al., 
2016). 
As a result of serum studies, it was found that 35-day-
old chickens with different autonomic nerve tones have 
statistical differences in almost all indicators of protein 
metabolism (Table 2). 
 
Table 2 
Indicators of protein metabolism of chickens with a different tones of the autonomic nervous system at the age of 35 




Total protein, g/l Albumins, g/l Total protein, g/l 
At the age of 35 days 
Sympathicotonics 39.9 ± 1.5*1 18.4 ± 1.0 21.6 ± 0.6*1 
Normotonics 43.9 ± 1.3***1 20,0 ± 0.6***1 23.9 ± 1.0**1 
Vagotonics 36.3 ± 0.8 17.0 ± 0.4 19.4 ± 0.6 
At the age of 60 days 
Sympathicotonics 39.9 ± 0.8 19.0 ± 0.4 20.9 ± 0.5 
Normotonics 41.7 ± 1.5 18.9 ± 0.6 22.9 ± 1.0 
Vagotonics 41.7 ± 1.0 18.0 ± 0.5 23.8 ± 0.8**2 
Note: Р < 0.05*, Р < 0.01**, Р < 0.001*** 
 
Total protein content in chickens with balanced ANS 
tone was highest at the age of 35 days and was dominated 
by vagotonics by 7.6 g/l (17 %; P ˂ 0.001) and sympath-
icotonics by 4 g/l (9 %). The difference between the latter 
was 3.6 g/l (9 %; P ˂ 0.05). Albumin was also highest in 
normotonic chickens and predominated in animals with a 
predominance of the parasympathetic ANS branch at 3 g/l 
(15 %; P ˂ 0.001). Sympathicotonic chickens also had a 
lower albumin content than normotonics by 1.6 g/l (8 %). 
The difference between sympathicotonics and vagotonics 
was 1.4 g/l (8 %). The globulin level was highest in 
chickens with a balanced type of ANS. Its content ex-
ceeded by 2.3 g/l (10 %) and 4.5 g/l (19 %; P ˂ 0.01) in 
chickens of sympathicotonics and vagotonics. Sympath-
icotonic chickens also had significantly higher globulin 
values than vagotonics by 2.2 g/l (10 %; P ˂ 0.05). 
The increased content of albumin fraction in normo-
tonics and sympathicotonics provides better transport of 
compounds – hormones, free fatty and bile acids, bilirubin 
(Crane & Miller, 1977). 
There is a balance of metabolic processes with age, 
the transition from intensive growth and building muscle 
mass to a plateau of stable performance. This is especially 
noticeable in vagotonic chickens, which increased protein 
metabolism and, at the age of 60, approached the results 
of animals with a dominant sympathetic and balanced 
tone of the ANS. 
The dynamics of chickens' total protein, albumin, and 
globulin with a balanced type of ANS in 35–60 days of 
rearing had a dynamic to decrease. The content of fat 
protein decreased by 2.2 g/l (3 %), albumin by 1.1 g/l 
(6 %), globulin by 1.05 g/l (4 %). A similar trend was 
observed in chickens with a predominance of the sympa-
thetic tone of the ANS. The total protein content was the 
same at 35 and 60 days of cultivation. Globulin and al-
bumin fractions had slight fluctuations. Globulin de-
creased by 0.7 g/l (3 %); albumin increased by 0.6 g/l 
(3.2 %). Vagotonic chickens had a steady increase in 
serum protein fractions during the study period. Total 
protein and globulin fraction had a rapid increase of 
5.4 g/l (12 %; P ˂ 0.001) and 4.4 g/l (19 %; P ˂ 0.001). 
Albumin increased slightly by 1 g/l (6 %) compared to the 
previous period. 
These changes in the protein profile of poultry may 
indicate an increase with age in the synthesis of protein 
fractions, increased immunity of birds with the vagotonic 
tone of the autonomic nervous system, and improved 
absorption of feed proteins in the body (Kuznyak & 
Savchuk, 2017). 
Thus, the parasympathetic division of the autonomic 
nervous system, influencing protein metabolism through 
humoral and central nervous stimulation of hepatocytes 
(Crane & Miller, 1977; Püschel, 2004), causes a slow 
increase in serum protein levels, and the sympathetic 
division, on the contrary, inhibits this process. 
It is known that for the synthesis of protein and pep-
tides, the building blocks and components are amino 
acids, which play an integral role in the life and function-
ing of the whole organism (De Koning, 2013). 
It was found that the content of methionine in the serum 
of sympathicotonic chickens 60 days of age was 2.8 μmol/l 
(29 %; P ˂ 0.05) lower than in birds with a predominance 
of the parasympathetic division of the autonomic nervous 
system and 0.8 μmol/l (10 %) lower than that of normoton-
ics. Vagotonic chickens had a 20 % lower methionine con-
tent than animals with a balanced autonomic nervous sys-
tem tone (Table 3). The lower range of this compound 
indicates its increased catabolism in animals with a pre-
dominance of the sympathetic division of the autonomic 
nervous system. Methionine concentration in animals may 
decrease due to its use as a source of metal groups in redox 
reactions (Garaeva, 2011; Martínez et al., 2017). This ami-
no acid and several other sulfur-containing compounds are 
among the primary substances involved in neutralizing free 
radicals (Garaeva, 2011). 
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Normotonic hens had the highest levels of histidine, 
which is 7.1 μmol/l (50 %; P ˃ 0.05) higher than that of 




The content of individual amino acids in the blood of chickens with different tones of the autonomic nervous system at 




Methionine Histidine Methionine 
Sympathicotonics 7.0 ± 0.4+ Sympathicotonics 7.0 ± 0.4+ 
Normotonics 7.8 ± 0.61 Normotonics 7.8 ± 0.61 
Vagotonics 9.8 ± 0.79 Vagotonics 9.8 ± 0.79 
Note: *Р < 0.05 compared with normotonics; + P <0.05 compared with vagotonics 
 
The difference between animals with a predominance 
of sympathetic and parasympathetic divisions was 
2.6 μmol/l (27 %) in favor of the latter. This distribution 
can be characterized by reduced metabolism and the need 
for amino acids as an energy source, antioxidant, and neu-
rotransmitter in vagotonic chickens due to their predomi-
nantly less sedentary lifestyle compared to other animals 
(Khlybova & Cirkin, 2006; Garaeva, 2011). The concentra-
tion of the amino acid threonine was statistically highest in 
sympathicotonics (P < 0.05) and normotonics (trend) com-
pared to vagotonics at 11 μm/l (43 %) and 7.8 μm/l (34 %). 
The difference between sympathicotonics and normotonics 
was insignificant and amounted to 3.2 μm/l. 
It is known that in the process of life, the organism in 
the cell is constantly formed free radicals. Dynamic 
growth and development, changes in physiological state, 
exercise, adaptation, and stress are accompanied by 
changes in the intensity of free radical oxidation in the 
body, which, on the one hand, are necessary for cell 
membrane renewal, synthesis of several biologically ac-
tive substances, and free radical oxidation is universal-
mechanism of damage to biomembranes in various patho-
logical conditions. 
Studies of blood plasma in 35-day-old chickens 
showed a significant dependence of lipid peroxidation on 
the types of autonomic nervous regulation (Table 4). 
 
Table 4 
Indicators of lipid peroxidation in 35-day-old chickens depending on the types of the autonomic nervous system  
(M ± m, n = 8) 
 
Indicators 
Tone of the autonomic nervous system 
Vagotonics Normotonics Sympathicotonics 
Diene conjugates, D278/mg lipids 0.34 ± 0.01* 0.35 ± 0.02 0.38 ± 0.02* 
Ketodienes of lipids, D278/mg lipids 0.09 ± 0.01** 0.09 ± 0.01 0.10 ± 0.01** 
Schiff base, conventional units /cm3 0.29 ± 0.01 0.30 ± 0.02 0.33 ± 0.02** 
Note: Р < 0.05*, Р < 0.01**, Р < 0.001*** 
 
In sympathicotonic chickens, the content of diene con-
jugates in blood plasma was 8 % (P < 0.05) and 11 %  
(P < 0.05) more than that of normotonics and vagotonics, 
respectively. These lipoperoxides are primary and unstable 
metabolites. Their large number indicates a higher level of 
accumulation of toxic products of lipid peroxidation in 
sympathicotonics compared to other groups of chickens. 
The activity of the formation of ketodienes and Schiff bases 
in chickens with a predominance of the sympathetic divi-
sion of the autonomic nervous system was significantly 
higher than in vagotonics by 10 % (P < 0.01) and 12 % 
(P < 0.01), respectively (Fig. 3). 
The higher level of Schiff bases in sympathicotonics 
indicates active destabilization and damage to cell mem-
branes, in contrast to vagotonic and normotonic chickens. 
This indicator is almost at the same level. This shows that 
the tissues of chickens with sympathicotonic tone of the 
autonomic nervous system are characterized by a greater 
intensity of lipid peroxidation. Indicators of lipid peroxida-
tion in sympathicotonics compared with normotonics are 
higher, which indicates a balance in the scheme of for-
mation and neutralization of primary products of lipid 
peroxidation in the latter. 
 
 
Fig. 3. Indicators of lipid peroxidation depending on the 
tone of the autonomic nervous system of chicken  
(M ± m, n = 8) 
 
The relationship between diene conjugates (P < 0.05) 
and ketodienes with the vagotonic type of regulation  
(P < 0.01) tended to decrease the rate of peroxidation due 
to the slowing down of metabolic processes. 
In 60-day-old chickens, the intensity of lipid peroxida-
tion tended to increase. At the same time, in chickens-
sympathicotonics and chickens of 35 days of age, the 
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highest indicators of peroxide oxidation in blood plasma 
are steadily defined (Table 5). 
It was found that sympathicotonics at 60 days of age 
had the smallest increase in the activity of diene conju-
gates (by 3 %, P ˂ 0.05) and ketodienes (by 9 %, P ˂ 
0.05) compared to 35 days. This indicates a slowing of the 
accumulation of toxic products of lipid peroxidation, 
which may be associated with more active development 
of enzymatic antioxidant protection with age. Normotonic 
hens of 60 days of age showed the highest growth rate of 
diene conjugates (5 %) and Schiff bases (9 %) compared 
to the previous study period, which may indicate an in-
crease with the age of the sympathetic autonomic nervous 
system. Systems. 
The study of the activity of the antioxidant system in 
35-day-old chickens showed lower superoxide dismutase 
activity in birds with a predominance of the sympathetic 
division of autonomic regulation by 2 % (trend) compared 
to weight tonics and 8 % higher than normotonics  
(P ˂ 0.001) (Table 5). At the same time, there is a tenden-
cy to increase the activity of the studied enzymes in vago-
tonic chickens, which increases with age (P ˂ 0.05), com-
pared with normo- and sympathicotonics. 
 
Table 5 
Indicators of lipid peroxidation in chickens 60 days of age depending on the tone of the autonomic nervous system  
(M ± m, n = 8) 
 
Indicators 
Tone of the autonomic nervous system 
Vagotonics Normotonics Sympathicotonics 
Diene conjugates, D278/mg lipids   0.35 ± 0.01*** 0.37 ± 0.013 0.39 ± 0.02* 
Ketodienes of lipids, D278/mg lipids 0.093 ± 0.01 0.10 ± 0.009 0.11 ± 0.009* 
Schiff base, conventional units/cm3   0.31 ± 0.01* 0.33 ± 0.01 0.34 ± 0.2* 
Note: Р < 0.05*, Р < 0.01**, Р < 0.001*** 
 
Table 6 
Indicators of antioxidant system activity in chickens 35 days of age depending on the tone of the autonomic nervous 
system (M ± m, n = 8) 
 
Indicators  
Types of autonomic nervous system 
Vagotonics Normotonics Sympathicotonics 
35 day 
Superoxide dismutase, od. act. / mg hemoglobin   3.2 ± 0.09     2.9 ± 0.07   3.15 ± 0.15*** 
Catalase, H2О2/ dcm3×min×103 70.2 ± 3.51   69.2 ± 3.43   68.6 ± 2.59 
Tocopherol, μmol/l 27.9 ± 1.16** 25.72 ± 1.1 24.18 ± 0.91** 
60 day 
Superoxide dismutase, od. act. / mg hemoglobin 3.27 ± 0.07*   3.35 ± 0.08   3.18 ± 0.10** 
Catalase, H2О2/ dcm3×min×103 77.4 ± 3.10   74.6 ± 3.32   74.5 ± 5.43 
Tocopherol, μmol/l 27.3 ± 0.84***   25.3 ± 0.73   24.3 ± 0.94*** 
Note: Р < 0.05*, Р < 0.01**, Р < 0.001*** 
 
With age in sympathicotonic chickens, superoxide 
dismutase activity indicators remain lower than normo-
tonics by 5 % (P ˂ 0.01) and vagotonics (trend). The level 
of catalase also has the lowest values compared to weight 
and normotonics. The lowest content of antioxidant en-
zymes in the predominance of sympathicotonia explains 
the presence of the most significant number of lipid pe-
roxidation products, which is enhanced by intensive oxi-
dation of free radicals in the presence of active forms of 
oxygen. 
The phospholipid layer of the membrane is most prone 
to LPO, which is explained by the ability to enter into 
chain reactions of autooxidation of polyunsaturated fatty 
acids with primary free radicals. Mitochondrial phospho-
lipids and endoplasmic reticulum membranes have a spe-
cific affinity for α-tocopherol. The activator and medium 
for enzymatic reactions of cells is the phospholipid layer 
of the membrane. Therefore, the loss of phospholipids 
reduces or completely loses the activity of membrane 
enzymes. This explains the presence of lower tocopherol 
levels in sympathicotonic chickens by 6 % (P ˂ 0.01) 
compared with normotonics. In 60-day-old chickens, the 
intensity of tocopherol activity tends to decrease, which 
may indicate a decrease in the formation of free radicals 
and, consequently, a reduction in reactivity and consisten-
cy of the antioxidant defense system. It is proved that the 
level of the relationship between catalase and tocopherol 
increases with age in chickens of the vagotonic type of 
vegetative regulation r = 0.53 (P < 0.01), which indicates 
a slow but stable increase in the activity of the antioxidant 
system (Shnurenko et al., 2021). The vagotonics showed 
the highest values of tocopherol during the entire study 
period (P ˂ 0.01, P ˂ 0.001), which in combination with 
catalase provides protection and integrity of cell mem-
branes, interrupting the action of peroxide radicals, pre-
venting the further formation of lipid hydroperoxide. 
Thus, forming complexes with fatty acids, vitamin E 
increases the resistance of membranes to free radical 




The interaction of mode indicators, mode amplitude, 
and heart rate made it possible to reliably determine three 
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types of autonomic nervous regulation in chickens (sym-
pathicotonics, normotonics, and vagotonics). There is a 
significant positive linear interaction between Mo and 
Amo in chickens with different tones of the autonomic 
nervous system. In vagotonic hens, the correlation  
r = 0.94 (P ˂ 0.001) was higher than the sympathicotonic 
bird r = 0.7 (P ˂ 0.05), indicating a closer relationship 
between frequency and range of variations in vagotonics. 
However, the Amo rate in chickens with a predominance 
of parasympathetic tone was the lowest. 
The influence of the tone of the autonomic nervous 
system on the metabolism of serum proteins in the body 
of broiler chickens has been established. Indicators of 
total protein, albumin, globulins, and urea depending on 
the rearing period had statistically significant fluctuations 
between groups of chickens. In the first period of the 
study (35 days of age), normotonic animals showed the 
highest values of blood protein fractions (P ˂ 0.01;  
P ˂ 0.001) compared with other groups. At 60 days, sym-
pathicotonic chickens had the highest albumin levels and 
the lowest content of globulin fraction compared to vago-
tonic animals (P ˂ 0.01; P ˂ 0.05, respectively). The con-
centration of methionine was higher in normotonics com-
pared with sympathicotonics (P < 0.05); histidine content 
was predominant in vagotonics (P ˂ 0.05) compared with 
normotonics. Threonine was higher in sympathicotonics 
(P ˂ 0.05) compared with normotonics. 
The interdependence of types of autonomous regula-
tion and lipid peroxidation is revealed. Chickens with a 
predominance of the sympathetic division showed a high 
content of lipid peroxidation products at 35 and 60 days 
of age (P < 0.01, P < 0.05). Indicators of lipid peroxida-
tion in normotonics are lower compared to sympathico-
tonics, which indicates a balance in the system of for-
mation and neutralization of primary products of peroxi-
dation. The lowest content of lipid peroxidation products 
was found in chickens with a vagotonic type of autono-
mous regulation (P < 0.05, P < 0.01). 
The relationship between the activity of the antioxi-
dant system and the typological features of autonomous 
regulation has been established. The predominance of 
sympathicotonia is characterized by a low activity of 
enzymes of the antioxidant system and tocopherol  
(P ˂ 0.001, P ˂ 0.01) at 35 and 60 days of age. Indicators 
of the action of the antioxidant system had the highest 
level in vagotonic chickens of the studied age period  
(P ˂ 0.05, P ˂ 0.01, P ˂ 0.001). 
Thus, the interaction of autonomic nervous system 
types on protein metabolism, antioxidant system activity, 
and lipid peroxidation in broiler chickens was established, 
making it possible to predict stress resistance of these 
animals and adjust housing methods based on their typo-
logical features, the formation of highly productive poul-
try. 
Prospects for further research – a study of the influ-
ence of the tone of the autonomic nervous system on the 
immune system and endocrine function of the endocrine 
glands. Relationship between the tone of the autonomic 
nervous system and other systems of the chicken body. 
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